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What is claimed is: 

1 . An elongated multi-layer tubing for connection to a motor 
vehicle system to handle fluids containing hydrocarbons comprising: 

a first layer disposed radially innermost and having an inner surface 
capable o\prolonged exposure to a fluid containing hydrocarbons and an outer 
surface spaded a first predetermined radial thickness fi-om the inner surface, the first 
layer consisting essentially of an extrudable, melt-processible thermoplastic; 

a second layer having a second predetermined radial thickness at most 
equal to the thickrifess of the first layer, the second layer uniformly connected to the 
first layer and consisting essentially of an extrudable, melt-processible thermoplastic 
capable of sufficiently jjermanent laminar adhesion with the first layer to prevent 
delamination during a de^red lifetime of said tubing, at least one of the first and 
second layers resistant tcyjj^rmeation by hydrocarbons; 



a third la; 
the thickness of the fi 



/er. 



a third predetermined radial thickness greater than 
rd layer uniformly connected to the second layer 
and consisting essenti^^y of an ^tjAdable, melt-processible thermoplastic capable of 

sion to the second layer to prevent delamination 
e of said tnbing; and 
wherein at least one layet of said tubing is capable of dissipating 
electrostatic energy in a range between about 10"^ to 10"^ Ohm/cm^. 



sufficiently permement I^ninE 
during said desired. 



2. The tubing of claim 1 Rirther comprising: 
the tubing having a passive hydrocarbon permeation rate less than 
about 0.5 g/m^ in a 24 hour interval. 



3. The tubing of claim 1 fiirthencomprising: 
the tubing having a tensile strength of^t least 25 N/mm^ and a burst 
strength at 23 °C and 120°C of at least 20 bar. \ 
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4. The tubing of claim 1 further comprising: 

the tubing having an elongation at break of at leeist 150%. 



5. \ The tubing of claim 1 fiirther comprising: 

the nibing having an ability to resist impacts of at least 2 foot-pounds at 
temperatures below^about -20 °C. 

6. The tubing of claim 1 wherein said at least one layer contains 
quantities of a conductive material sufficient to provide electrostatic dissipation 
capability in a range between about 10"^ to 10"' Ohm/cm^. 

7. The tubing of claim 6 wherein the conductive material is 
selected from the group consi^tpg/^f^emental carbon, copper, silver, gold, nickel, 
silicon, and mixtures thereof. 



8. 



The tubingiof claim 6 wherein the conductive material is 



present in an amount less thtm about d^I;^ volume of said at least one layer. 

9. The-tubmg of claim^ wherein the conductive material is 
blended into said at least one layer. 

10. The tubing of claim 6 wfterein the conductive material is 
elemental carbon and is incorporated during polymerization of monomers that make 
up said at least one layer. 



1 1 . The tubing of claim 1 wherein the first layer fiirther comprises: 
an extrudable, melt-processible thermoplastic selected from the group 

consisting of Nylon 11, Nylon 12, zinc chloride resistai^t Nylon 6, thermoplastic 

elastomers, and mixtures thereof. 
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12. The tubing of claim 1 wherein the first layer further comprises: 
£in extrudable, melt-processible thermoplastic containing as a major 
constituent aYluoroplastic selected from the group consisting of polyvinylidine 
fluoride, polyvijiyl fluoride, polychlorotrifluoroethylene, ethylene tetrafluoroethylene 
copolymers, a graft copolymer with a fluorine-containing polymer such as 
copolymers of vinVlidine fluoride and chlorotrifluoroethane, a copolymer of a vinyl 
fluoride and chlorotnfluoroethylene, the vinyl fluoride material selected fi-om the 
group consisting of poWvinylidine fluoride, polyvinyl fluoride, and mixtures thereof; 
a copolymer of vinyl fluoride material and ethylene tetrafluoroethylene; and a non- 
fluorinated elastomer, and mixtures thereof. 



13. The tubinV of cliriTn 1 wherein the second layer further 

compnses: 

an extrudable, meft-pVo^essible, polyester thermoplastic selected fi"om 
the group consisting of p©lybtity^TC*|er5irf^thalate, polyethylene terephthalate, 
polyteremethylene terephwia/ate, and rfyxtur^s thereof 

14. The tul^ing of^lMm K wherein the second layer includes as a 
major constituent an extmdeme, melt-processible thermoplastic selected from the 
group consisting of polyvinylidine fluoride, polyvinyl fluoride, blends of polyvinyl 
acetate and urethane, a polyvinyl fluoride compound selected from the group 
consisting of polyvinylidine fluoride polymers, polyvinyl fluoride polymers, and 
mixtures thereof; a vinylidine fluoride-chlorotrifluoroethylene copolymer; and a 
polyamide material selected from the group consistine of 12 carbon block 
polyamides, 1 1 carbon block polyamides, 6 carbon blopk polyamides, and mixtures 
thereof. 



1 5 . The tubing of claim 1 wherein said second layer includes as a 
major constituent an extrudable, melt-processible thermoplastic selected from the 
group consisting of co-polymers of alkenes having less than four carbon atoms and 
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vinyl alcohol, copolymers of alkenes having less than four carbon atoms and vinyl 
acetar^ and mixtures thereof. 

16. The tubing of claim 1 wherein said third layer fiarther 

compnses: 

an^xtrudable, melt-processible thermoplastic selected from the group 
consisting of Nylon\l 1, Nylon 12, zinc chloride resistant Nylon 6, thermoplastic 
elastomers, and mixtutes thereof. 



1 7. The rabing of claim 1 fixrther comprising: 

a fourth layer dWining a jacket overlying the third layer, the jacket 
composed of a material consistiW essentially of a thermoplastic rubber selected from 
the group consisting ofNylrfn l/, f^yfon 12, zinc chloride resistant Nylon 6, 
polyether block amides, the Tripplas/rc elastomers, and mixtures thereof. 

1 8. An elom ated multi-^yeriujMtig for connection to a motor 
vehicle system to handle fluioB containinBfljrarocarbons comprising: 

a first layer disposedj;a^Mrfly innermost and having an inner surface 
capable of prolonged exposuf€^toa fluid containing hydrocarbons and an outer 
surface spaced a first predetermined radial thickness from the inner surface, the first 
layer consisting essentially of an extrudable, melt-pracessible thermoplastic; 

a second layer having a second predetennined radial thickness at most 
equal to the thickness of the first layer, the second layerdiomogeneously connected to 
the first layer and consisting essentially of an extrudable,\nelt-processible 
thermoplastic capable of sufficiently permanent laminar adhesion with the first layer 
to prevent delamination during a desired lifetime of said tubing, at least one of the 
first and second layers resistant to permeation by hydrocarbons 

a third layer having a third predetermined radial thickness greater than 
the thickness of the first layer, the third layer homogeneously connected to the 
second layer and consisting essentially of an extrudable, melt-processible 
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thermoplastic capable of sufficiently permanent laminar adhesion to the second layer 
to prevent delamination during said desired lifetime of said tubing; £ind 

wherein the tubing has a passive hydrocarbon permeation rate less than 
about dt5 g/m^ in a 24 hour interval, an elongation at break of at least 1 50%, an 
ability tcVesist impacts of at least 2 foot-pounds at temperatures below about -20 °C, 
a tensile strength of at least 25 N/mm^ and a burst strength at 23°C and 120°C of at 
least 20 bar. 



as 



19. \ The tubing of claim 1 8 further comprising: 
at least one layer of said tubing capable of dissipating electrostatic 

energy in a range between about 10"^ to 10'' Ohm/cm^. 

20. Tne iuhi{^ of claim 19 whereiiysaid at least one layer contains 
quantities of a conductive material sufficient to provide electrostatic dissipation 



capability in a range ben 



eirSbout lut to IQj^Ohm/cm-^. 



2 1 . Tha ub|iig^£<5laim 20 wherein the conductive material is 
selected firom the group consisting c^f elemental carbon, copper, silver, gold, nickel, 
silicon, and mixtures thereof. 



22. The tubing of claim\20 wherein the conductive material is 
present in an amount less than about 5% by volume of said at least one layer. 

23. The tubing of claim 20 \yjierein the conductive material is 
blended into said at least one layer. 



24. The tubing of claim 20 wherein the conductive material is 
elemental carbon and is incorporated during polymenpation of monomers that make 
up said at least one layer. 
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25. The tubing of claim 1 8 wherein the first and third layers are 
composed of chemically similar materials including as a major constituent an 
extrudalne, melt-processible thermoplastic selected from the group consisting of 
Nylon 1 l,Vjylon 12, zinc chloride resistant Nylon 6, thermoplastic elastomers, and 
mixtures the\s.eof. 

26\ The tubing of claim 25 wherein said second layer includes as a 
major constituent ^ extrudable, melt-processible, polyester thermoplastic selected 
fi-om the group consisting of polybutylene terephthalate, polyethylene terephthalate, 
polyteremethylene terephthalate, and mixtures thereof. 



27. The%ibmg of claim 25 wherein said se«)nd layer includes as a 
major constituent ah ei^trudMile, melt-processible therrfioplastic selected fi-om the 



-poh 



group consisting offo 
vinyl alcohol, copovyjners of all^enes 
acetate, and mixtures thereof. 



s of alkifnes Imving less than four carbon atoms and 
ing less than four carbon atoms and vinyl 



28. The tubing of cfaim 1 8 wherein the first layer and third layers 
are chemically dissimilar materials, thafirst layer including as a major constituent a 
fluoroplastic selected from the group consisting of polyvinylidine fluoride, polyvinyl 
fluoride, polychlorotrifluoroethylene, ethylene tetrafluoroethylene copolymers, a 
graft copolymer with a fluorine-containing polymer such as copolymers of vinylidine 
fluoride and chlorotrifluoroethane, a copolymajr of a vinyl fluoride and 
chlorotrifluoroethylene, the vinyl fluoride material selected from the group consisting 
of polyvinylidine fluoride, polyvinyl fluoride, and. mixtures thereof; a copolymer of 
vinyl fluoride material and ethylene tetrafluoroethylene; and a non-fiuorinated 
elastomer, and mixtures thereof. 



29. The tubing of claim 28 wherein the second layer includes as a 
major constituent an extrudable, melt-processible thermoplastic selected from the 



# 
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g^0^p consisting of polyvinyiidine fluoride, polyvinyl fluoride, blends of polyvinyl 
acetat^N^nd urethane, and mixtures thereof. 

30. The tubing of claim 28 wherein the second layer includes as a 
major constitikent a polyvinyl fluoride compound selected from the group consisting 
of polyvinyiidine fluoride polymers, polyvinyl fluoride polymers, and mixtures 
thereof; a vinylidiWe fluoride-chlorotrifluoroethylene copolymer; and a polyamide 
material selected froiji the group consisting of 1 2 carbon block polyamides, 1 1 
carbon block polyamioes, 6 carbon block polyamides, and mixtures thereof. 



ijj 



3 1 . The tM)ing of claim 28 wherein said third layer includes as a 



y = 



major constituent an extrudal 
group consisting of Nylon 11, 



melt^^TOcessible thermoplastic selected from the 
r'loh 12,lzinc chloride resistant Nylon 6, 



thermoplastic elastomers, and ni 



32. 




The tubing^^ cla: 



Ig^herein the first layer further 

comprises: 

a first sub-layer of an extruda'ble, melt-processible thermoplastic 
containing as a major constituent a fluoroplasYic selected from the group consisting 
of polyvinyiidine fluoride, polyvinyl fluoride, a^raft copolymer with a fluorine- 
containing polymer, and mixtures thereof; and 

a second sub-layer of an extrudable, m'telt-processible thermoplastic 
containing as a major constituent a fluoroplastic selectted from the group consisting 
of a copolymer of a vinyl fluoride and chlorotrifluoroetnylene, the vinyl fluoride 
material selected from the group consisting of polyvinyiidine fluoride, polyvinyl 
fluoride, and mixtures thereof; a copolymer of vinyl fluoride material and ethylene 
tetrafluoroethylene; and a non-fluorinated elastomer, and mixtures thereof. 



33. The tubing of claim 32 wherein the second myer includes as a 
major constituent a polyvinyl fluoride compound selected from tha group consisting 




# 
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of polyvinylidineVfluoride polymers, polyvinyl fluoride polymers, and mixtures 
thereof; a vinylidine iluoride-chlorotrifluoroethylene copolymer; and a polyamide 
material selected from the group consisting of 12 carbon block polyamides, 1 1 
carbon block polyamides, o^<cafboX block polyamides, and mixtvires thereof. 



34. The tumng'W^ clai^|J-8^urther comprising: a fourth layer 
defining a jacket overlying the thiraMayer, the jacket composed of a material 
consisting essentially of a thernm^^kt^nc rubber selected from the group consisting of 
Nylon 11, Nylon 12, zinc chloride resist^t Nylon 6, polyether block amides, 
thermoplastic elastomers, and mixtures thereof 



